ABSTRACT Background: The consumption of dairy products (milk, cheese, and butter) has been positively associated with the risk of ischemic heart disease (IHD), stroke, and total mortality because of the saturated fat content of these products; and protective effects against these outcomes have been attributed to the calcium content and lowfat choices of dairy products. However, robust evidence on the net effect of dairy product consumption on mortality is limited. Objective: The objective was to investigate the association between dairy product consumption and the risk of death (from all causes, IHD, and stroke) in the Netherlands Cohort Study (NLCS). Design: The NLCS was initiated in 120,852 men and women aged 55-69 y at baseline in 1986. After 10 y of follow-up, 16,136 subjects with complete dietary information had died. Twenty-nine percent (men) and 22% (women) of these deaths were due to IHD or stroke. The validated 150-item food-frequency questionnaire provided detailed information on dairy products. Results: Multivariate survival analyses following a case-cohort approach showed only a few statistically significant, but mostly weak, associations. A slightly increased risk of all-cause and IHD mortality was found for both butter and dairy fat intake (per 10 g/d; rate ratio mortality : 1.04; 95% CI: 1.01, 1.06) only in women. Fermented full-fat milk was inversely associated with all-cause and nonsignificantly with stroke mortality in both sexes. Conclusions: The role of dairy product consumption in mortality generally appeared to be neutral in men. In women, dairy fat intake was associated with slightly increased all-cause and IHD mortality. More research is warranted on a possible protective effect of fermented milk on stroke mortality.
INTRODUCTION
The role of dairy products in the traditional diet varies greatly in different regions of the world. Populations in tropical countries have not been traditional milk consumers, whereas the more northern regions of the world-northern parts of Europe and North America-have traditionally consumed far more milk and milk products as part of their diet.
In most northwestern European countries, milk and other dairy foods contribute .25% to the total fat intake and almost 50% to the saturated fat intake (1) . A diet high in saturated fatty acids and cholesterol has long been associated with cardiovascular disease and mortality, accounting for 49% of all deaths in Europe (2) . Dairy product intake therefore has long been considered a risk factor for cardiovascular disease on the basis of relevant biological mechanisms and data from ecological studies (3, 4) . On the other hand, a meta-analysis of cohort studies on milk and cardiovascular disease risk provided no convincing evidence that milk is harmful and suggested that milk drinking may be associated with a small but worthwhile reduction in heart disease and stroke risk (5) . Growing evidence indicates that calcium and protein in milk and dairy products may be associated with reduced blood pressure and risk of stroke (6, 7) . Dietary Approaches to Stop Hypertension (DASH) has shown that substantial blood pressure reductions can be achieved when low-fat dairy products were added to a healthy food and vegetable diet (8) . Furthermore, studies have suggested that dairy or calcium contribute to maintaining a healthy body weight (9) . Because overweight and obesity are important risk factors for a range of chronic diseases (eg, cardiovascular disease, type 2 diabetes, and many cancers), dairy consumption might have a favorable effect on chronic disease through this pathway.
Considering the postulated harmful and favorable effects of dairy consumption on a range of chronic diseases, we wanted to know how these seemingly opposite effects are balanced. Total mortality can be viewed as the final net result of all serious positive and negative influences on health. We therefore wanted to investigate how dairy product consumption, including not only dairy foods but calcium and dairy fat, is associated with total mortality. In the Netherlands, which is one of the top-5 countries in the world with the highest per capita consumption of milk and milk products, the Netherlands Cohort Study (NLCS) offers a unique opportunity to study the association between the consumption of milk and dairy foods and mortality. Because cardiovascular disease [ischemic heart disease (IHD) and stroke] is one of the most important causes of death, we also studied this cause of death to see whether the association between dairy product consumption and total mortality, if any, can be explained by cardiovascular disease mortality.
SUBJECTS AND METHODS

Study population
The study design of the NLCS has been reported in detail elsewhere (10) . The NLCS was initiated in September 1986 when a self-administered questionnaire on dietary habits, lifestyle characteristics, medical history, and other potential risk factors for cancer and mortality was completed by 58,279 men and 62,573 women aged 55-69 y. After baseline exposure measurements were made, a subcohort of 5000 subjects was randomly sampled from the large cohort. Following the case-cohort approach, this subcohort was followed up for vital status and migration to estimate person time at risk accumulated in the cohort.
Data on mortality and causes of death between 1 January 1987 and 31 December 1996 in the cohort-at-large were obtained from the Dutch Central Bureau of Genealogy and the Dutch Central Bureau of Statistics. By comparing the deaths reported through this system with those identified in the subcohort through active follow-up, we estimated that mortality follow-up during this period was 99% complete for the entire cohort. The cause of death was coded according to the International Classification of Disease, ninth revision (ICD-9) for the period 1987-1995 and tenth revision (ICD-10) for 1996. Besides total mortality, the following primary causes of death were separately investigated: IHD (ICD-10: I20-I25) and stroke (ICD-10: I60-I69). In total, 18,064 deaths occurred between the 2 dates.
Subjects with very incomplete and inconsistent FFQs (11) were excluded from the analysis, which left 2254 male and 2392 female subcohort members and 10,658 male and 5478 female deaths for analysis. Of the deaths, 2408 (in men) and 826 (in women) were due to IHD and 657 (in men) and 397 (in women) were due to stroke as primary cause. The NLCS was approved by the institutional review boards of the TNO Nutrition and Food Research Institute (Zeist) and Maastricht University (Maastricht).
Questionnaire
The dietary portion of this questionnaire consisted of a 150-item semiquantitative food-frequency questionnaire (FFQ) on the usual intake of food and beverages in the year preceding the start of the study. The FFQ contained 9 items on consumption of milk and milk products (milk, yogurt, buttermilk, quark, and dishes in which these foods were used), which were further specified by fat content (full fat, low fat, or skim), 3 items on cheese, and 3 items on butter.
The FFQ was validated against a 9-d diet record (11) . The Spearman correlation coefficients for milk (products), cheese, and added fats (which include butter) were 0.60, 0.61, and 0.57, respectively. For calcium, the (energy and gender-adjusted) Pearson correlation coefficient was 0.62. On average, the FFQ captured 86%, 64%, 103%, and 84% of the absolute intake assessed by the record of milk (products), cheese, added fats, and calcium, respectively. The capture rates are the net result of the design of the FFQ (not all possible food items were covered, eg, ice cream) on one hand and under-or overreporting by the respondents on the other hand.
The individual frequencies and serving sizes of the food items were converted into mean daily intake (g/d) for each subject. Energy and nutrient intakes and the contribution of all dairy products combined to total fat intake were calculated by using the Dutch Food Composition Table (12) . Fat variables were adjusted for energy by using the residual method (13) . Other relevant risk factors available from the questionnaire were education, smoking habits (cigarettes, cigars, and pipe; duration and quantity), multivitamin use, height, weight, nonoccupational physical activity, and occupational physical activity (derived from job histories and by using a Job Exposure Matrix with 3 levels of physical activity). The questionnaire data for all cases and subcohort members were key-entered and blinded with respect to case/subcohort status to avoid random and systematic coding errors.
Statistical analyses
All analyses were conducted separately for men and women. Cox proportional hazards models were constructed to estimate hazard ratios and 95% CIs relating dairy product variables and calcium intake to all-cause mortality and to a selection of specific causes of death (Stata version 9; Stata Corporation, College Station, TX). The proportional hazards assumption was tested by using Schoenfeld residuals. When this test suggested that the assumption was violated, the -ln(-ln) survival plots to assess proportional hazard assumption were evaluated. The plotted lines were reasonably parallel in all analyses, which indicated that the proportional hazards assumption was not violated. Because of the case-cohort design, the 95% CIs were corrected for the additional variance introduced by using a random sampled subcohort instead of the complete cohort, by using the robust option (14) . Linear trends for categorical variables were tested by the Wald test that contained median values of intake quintiles or categories.
Besides the main dairy groups (milk, cheese, and butter), the available dairy product items were aggregated into several variables according to their fat content (separating full-fat from lowfat and skim items) and fermentation status (yogurt, buttermilk, and quark). Also, a variable was constructed to aggregate all lowfat dairy items. Dairy product variables were analyzed as continuous variables (with increments of 100 or 10 g/d) and as categorical variables (quintiles or categories, depending on the shape of their distribution and the proportion of nonusers). Twosided tests for trend in the rate ratios (RRs) of categorical analyses were assessed by fitting the median of exposure categories as continuous variables. We also derived a variable to assess compliance with the current Dutch recommendations for dairy product consumption for adults [500 mL milk (products) and 30 g cheese/d] (15) according to the algorithm milk/0.86 1 10 3 cheese/0.64. This algorithm took into account that 1 kg cheese is made from 10 L milk and that the dairy items in the FFQ, on average, underestimated absolute intake. We classified subjects into 3 compliance categories: too low (,600 mL/d), in compliance (600-1000 mL, ie, 6 25% of 800 mL/d), and too high (.1000 mL/d).
A range of risk factors for chronic disease [ie, age at baseline (continuous); education (4 categories); smoking status (current, yes or no; duration, in years; and number smoked daily) for cigarettes, cigars, and pipe in men and for cigarettes only in women; body mass index (BMI; 4 categories); nonoccupational physical activity (4 categories); occupational physical activity (3 categories, men only); multivitamin use (yes or no); alcohol (one category for nondrinkers, 4 categories for current drinkers, and 1 category for current nondrinkers who were former drinkers 5 y before baseline); and intake of energy, energy-adjusted monounsaturated and polyunsaturated fats, and vegetable and fruit consumption (all continuous)] were included as potential confounders in the multivariate models. For occupational physical activity, a covariate with a substantial number of missing values (ie, 7.3%), a dummy variable for the missing category, was added. Cases and subcohort members with missing values for one or more other covariates (12% of the cohort, as estimated from the subcohort) were excluded from the analysis. Energy-adjusted saturated fat was added to the models in a separate analysis to investigate whether milk fat (mainly classified as saturated fat) had the same effects as saturated fat.
We conducted several sensitivity analyses. To evaluate whether disease preceding death could have influenced the results, early deaths (those that occurred within 2 y from baseline) were excluded from the analyses. We also investigated whether exclusion of subjects who reported cardiovascular disease at baseline (myocardial infarction, angina pectoris, or stroke) changed the results. To check whether BMI was an intermediate variable in the association between dairy product consumption and mortality, we excluded BMI from the multivariate models and compared the results.
RESULTS
No relevant differences in dairy product consumption and fat from dairy products or calcium were observed between deaths and the subcohort, for men or women ( Table 1) . Although milk and other dairy product consumption were similar for men and women, consumption of fermented low-fat milk (women drank more buttermilk) and full-fat whole milk (men drank more) differed. As a result, dairy fat intake was somewhat higher in men than in women. Slightly more than one-third of the NLCS population complied with the current Dutch recommendation for adults to drink 500 mL milk or milk products and 30 g cheese per day.
Consumption of the main dairy foods across categories of the covariates is shown in Table 2 . Older subjects and current smokers consumed less milk and milk products, but more butter. BMI was inversely associated with consumption of all dairy products. Energy intake was, as would be expected, positively associated with the consumption of all dairy products. Whereas consumption of milk and milk products was inversely associated with both mono-and polyunsaturated fat intakes, butter consumption was strongly inversely associated with polyunsaturated fat intake only: the quintile with the lowest intake of polyunsaturated fat consumed 4 times more butter than did the highest quintile. This was explained by the substitution of butter for margarine containing a high content of polyunsaturated fat. Fruit consumption appeared to be positively associated with milk and milk products, whereas alcohol intake showed an inverse association with these foods.
Results of the survival analyses for all-cause mortality are presented in Table 3 (for men) and Table 4 (for women). Because of the high number of deaths (twice as many men than women), the CIs around the estimated RRs were very narrow. Almost no associations between consumption of dairy products and all-cause mortality were observed among men or women.
However, a few clear trends were present: consumption of fermented full-fat milk showed a small, but consistent, inverse and statistically significant association with mortality, both for men (RR continuous : 0.91; 95% CI: 0.86, 0.97 per 100 mL/d) and women (RR continuous : 0.92; 95% CI: 0.85, 1.00 per 100 mL/d). The very low consumption of low-fat cheese was associated with higher mortality among men (RR continuous : 1.05; 95% CI: 1.02, 1.08 per 10 g/d), but not among women. This association became slightly weaker, but remained statistically significant after exclusion of men with preexisting cardiovascular conditions at baseline (RR continuous : 1.04; 95% CI: 1.00, 1.08 per 10 g/d). Furthermore, consumption of butter increased the risk of death slightly and significantly, but only among women; similar results were found for fat from dairy products (correlation between butter and fat from dairy products: 0.73). The risk of death was 8% (95% CI: 1, 15%) higher for women who ate butter than for women who did not eat butter, most of whom substituted butter for margarine. In men, a slightly increased risk was observed in the highest quintile of calcium intake (median: 1387 mg/d; RR: 1.06; 95% CI: 0.99, 1.15). Exclusion of deaths that occurred in the first 2 y of follow-up did not change the results, nor did the exclusion of subjects with preexisting cardiovascular conditions (data not shown).
To investigate whether the observed inverse association of fermented full-fat milk (which mainly includes full-fat yogurt) could be explained by yogurt as such, we constructed a posteriori a yogurt variable by aggregating the available yogurt items: fullfat (3.6% fat) and skim yogurt (0.1% fat). A total of 75% of the women and 61% of the men consumed yogurt; yogurt eaters consumed, on average, 66 mL (men) and 71 mL (women) yogurt/d. In men, yogurt was inversely associated with mortality (P for trend ¼ 0.039; RR continuous : 0.96; 95% CI: 0.92, 1.00 per 100 mL/d), but less strongly than was fermented (full-fat) milk. Exclusion of the first 2 y of follow-up or prevalent cases with cardiovascular disease did not change these estimates. In women, no association between yogurt and mortality was observed (RR continuous : 1.00; 95% CI: 0.95, 1.05 per 100 mL/d).
The addition of energy-adjusted saturated fat to the multivariate models did not attenuate the associations between milk and milk fat intake and total mortality (data not shown). Tables 5 and 6 . A total of 1997 (in men) and 692 (in women) deaths due to primary IHD were included in the multivariate analysis (Table 5 ). For men, no association with milk, low-fat dairy products, or calcium was found. Weak inverse, statistically significant associations were observed for fermented milk (RR continuous : 0.75; 95% CI: 0.61, 0.92 per 100 mL/d) and fat from dairy products (RR continuous : 0.94; 95% CI: 0.89, 1.00 per 10 g/d). These associations were slightly reduced after exclusion of prevalent cardiovascular disease patients. For women, milk (RR continuous : 1.07; 95% CI: 1.00, 1.13 per 100 mL/d) and butter (RR continuous : 1.11; 95% CI: 1.01, 1.21 per 10 g/d) consumption slightly increased the risk of IHD death, which was also reflected in the increased risk observed for consumption of low-fat dairy products, calcium, and fat from dairy products. All types of dairy products seemed to contribute to the increased risk, which did not appear to be caused by dairy fat as such. After exclusion of prevalent cardiovascular disease patients, the increased risks tended to diminish for milk, but not for butter. The addition of energy-adjusted saturated fat to the multivariate models did not attenuate the associations between milk and milk fat intake and IHD mortality (data not shown). The exclusion of BMI from the multivariate model did not change the estimates (data not shown), which indicated that it was not a strong intermediate variable in the pathway between dairy consumption and IHD mortality.
A total of 520 (in men) and 322 (in women) deaths due to primary stroke were included in the multivariate analysis (Table  6 ). In men and women, the associations between almost all dairy product variables and risk of stroke were virtually flat. In both sexes, a tendency for an inverse association of both fermented milk groups with risk of stroke was observed. Investigation of the yogurt variable showed a consistent inverse association with death due to stroke, which became stronger after the exclusion of cases with prevalent cardiovascular disease in men (P for trend ¼ 0.007; RR continuous : 0.68; 95% CI: 0.51, 0.91 per 100 mL/d) and in women (P for trend ¼ 0.088; RR continuous : 0.70; 95% CI: 0.54, 0.92 per 100 mL/d). Consumption of low-fat cheese increased (NS) the risk of death due to stroke in men, but the risk did not decrease after exclusion of prevalent cardiovascular cases.
In Table 7 , the risk of death (all causes, IHD, and stroke) is compared with dairy product intake classified according to the prevailing dietary recommendation for dairy intake in the Netherlands. With the exception of a slightly increased risk of death in men with a dairy product intake higher than that recommended, no departures from null were observed.
DISCUSSION
In the present study of the association between dairy product intake and mortality, only a few statistically significant, but mostly weak, associations were found. A slightly increased risk of all-cause mortality and mortality due to IHD was found for butter intake and fat intake from dairy, but only in women. In men, dairy product consumption above the recommended amount and a high calcium intake were associated with a slightly increased all-cause mortality. A small protective effect on all-cause mortality was found for fermented full-fat milk intake in both men and women. An additional analysis showed that this was not attributable to a high yogurt intake. Low-fat cheese intake was associated with a small increased risk of all-cause mortality and of stroke-specific mortality, which may be partly explained by men with cardiovascular disease at baseline having switched to low-fat cheese. Yogurt consumption was associated with a decrease in stroke mortality in both sexes.
These findings provide consistent evidence that dairy products are neither very harmful nor very beneficial to the risk of dying at a relatively young age, ie, well before the life expectancy of the cohort members at baseline. The results in men were in line with those of other cohort studies (16) (17) (18) (19) (20) , although some studies found increased (21) or decreased (22) mortality associated with milk consumption. We found no cohort studies on dairy fat and all-cause mortality in women. Our results on IHD only partly agree with the available evidence from cohort studies. The meta-analyses found summary RR estimates to be below one in men, but not in women (5, 23) . The most recent review concluded that the evidence for a causal association between milk and coronary heart disease (CHD) was weak according to the Bradford Hill criteria (23) . The studies in women found no association between dairy calcium intake and CHD mortality (24) , total dairy product intake and IHD mortality (25) , or high-and low-fat dairy product intake and CHD incidence (26) , although high-fat dairy product intake tended to increase the risk slightly in both studies that looked at this (25, 26) . The overall evidence for sex-specific associations between saturated fat intake and CHD is limited (27) ; therefore, we cannot readily explain why we observed a slightly positive association between dairy fat intake and IHD mortality in women, but not in men. An intervention study on the effects of trans fatty acids from ruminant sources on blood lipids, however, supports the hypothesis that the response in women may differ from that in men (28) .
We observed virtually no associations between dairy product consumption and stroke mortality, with exception of fermented milk or yogurt. Several cohort studies observed a slightly decreased risk of stroke (death) associated with a high milk or dairy product intake or a high dairy calcium intake (24, (29) (30) (31) (32) ; some of the results were not statistically significant (17, 22, 33) . However, the Finnish Alpha-Tocopherol Beta-Carotene Study Cohort of men, which used a detailed dairy consumption assessment and had large statistical power, observed an increased risk of cerebral hemorrhage and ischemic stroke with whole milk consumption, a nonsignificant decreased risk of cerebral hemorrhage with sour milk and yogurt consumption, and a decreased risk of ischemic stroke with cheese and cream consumption (34) . The decreased risks associated with dairy calcium consumption observed in 2 Japanese cohorts were similar for cerebral hemorrhage and ischemic stroke (24, 32) and for men and women (24) .
More evidence is needed on the inverse relation of fermented full-fat milk and/or yogurt intake with all-cause mortality and what might be the underlying mechanism before a protective effect can be concluded. The same applies to the association between yogurt and risk of stroke. The presumed protective effect of dairy product consumption on blood pressure and hypertension might explain the association between low-fat dairy product consumption and stroke (7, 35) , although this effect has not been shown consistently (36, 37) . Whether and how fermented dairy product consumption affects this pathway is not yet clear. A meta-analysis of 12 randomized controlled trials conducted in Japan and Finland showed that specific tripeptides originating from fermentation of milk decreased blood pressure (38) , but this effect was not confirmed in a more recent Dutch study (39) .
The findings on low-fat cheese may be surprising and do not support the hypothesis that low-fat dairy products, as seen in the DASH trial, contribute to the prevention of stroke by reducing blood pressure (8) . At the time of completion of the baseline questionnaire, consumption of low-fat cheese was not common and applied to only a small group of people, including heart disease patients who were recommended to reduce their saturated fat intake. The increased risk of IHD death in men indeed disappeared after exclusion of prevalent cases of cardiovascular disease. This was, however, not the case for the increased risk of death due to stroke. Our results did not support the hypothesis that BMI is an intermediate variable in the pathway between dairy consumption and risk of IHD and stroke.
One of the strengths of our study was that it included a comprehensive and detailed quantitative assessment of all types of dairy foods in a population characterized by a relatively high average dairy consumption but also by a substantial contrast in dairy consumption. Our findings were not likely to have been confounded by the major risk factors for chronic disease (ie, smoking, physical activity, socioeconomic status, and dietary risk factors), because we adjusted the estimates for these variables. The prospective design and the completeness of follow-up of our cohort ensured that information bias due to disease status and selection bias due to loss of follow-up were unlikely. In addition, the associations did not appear to be spuriously produced by symptoms of early, but not yet diagnosed disease, because the 2 Adjusted for age (y); education (4 categories); cigarette, cigar (men only), and pipe (men only) smoking (status, number, and duration); nonoccupational physical activity (4 categories); occupational physical activity (3 categories plus 1 missing, men only); BMI (4 categories); multivitamin use (yes or no); alcohol (5 categories plus former drinkers); energy (kJ); energy-adjusted mono-and polyunsaturated fat intakes (continuous); and vegetable and fruit consumption (continuous).
3 Subjects with preexisting CVD at baseline (self-reported) were excluded.
exclusion of deaths diagnosed within the first 2 y of follow-up did not change the results. Also, a possible change in diet as a consequence of preexisting cardiovascular conditions (selfreported myocardial infarction, angina pectoris, or stroke) did not appear to explain most results. Our study also had some limitations. We tested many associations in this study and cannot rule out that some of the statistically significant associations were entirely due to chance. However, because of the large power of the study, the results that were statistically significant, but biologically insignificant, deserve equal caution. Measurement error can be substantial in dietary assessments. The validation study of our FFQ showed that it performs relatively well (11), but measurement error may still have attenuated the associations. Also, we had no possibility to update dietary intake data during the 10 y of follow-up, which may have resulted in some attenuation of associations. Furthermore, in addition to the well-known limitations of information derived from death certificates, cases that died of IHD or stroke may not be completely representative of all incident cases with IHD or stroke.
In conclusion, given the postulated risk-enhancing effects of dairy fat and the protective effects of low-fat dairy products, the role of dairy consumption in mortality generally appears to be neutral, particularly in men. In women, dairy fat intake was associated with slightly increased all-cause and IHD mortality rates. More research is warranted on the possible protective effect of yogurt intake on the risk of death due to stroke.
